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* NOTICES * 

Japan Patent 0££ice is not responsible for any 
daxnages caused by the use of this translation* 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] It is [ occlusion, the negative electrode to emit, and ] a general formula LixMyP04 
(however, 0<=x<=2 and y of x are 0.8<=y<=L2 among a formula.) in reversible about a lithium. 
Moreover, M is a component containing 3d transition metals. It is the nonaqueous electrolyte cell 
which is equipped with the positive electrode containing the compound expressed, and an electrolyte, 
and is characterized by the above-mentioned electrolyte containing the siloxane derivative expressed 
with following ** 1. 
[Formula 1] 



<^H3 ^fH3 

CHs— O Da— D'b^^i— CHs 

CHa CHs 



^H3 

D= ^i— 0" 



CH3 

CHa-CHa-CHa--0-4CH2-CH2-0);;^(j:H-CH2--0-yR 

\CH3 



[Claim 2] For the above-mentioned positive electrode, a particle diameter is lixMyPCM 10 
micrometers or less. Nonaqueous electrolyte ceU according to claim 1 characterized by containing. 
[Claim 3] LixMyP04 contained in the above-mentioned positive electrode Nonaqueous electrolyte 
cell according to claim 1 characterized by the diameter of volume accumulation being 1 micrometer 
or less 10%. 

[Claim 4] the above LixMyP04 LiFeP04 it is ~ nonaqueous electrolyte cell according to claim 1 
characterized by things 

[Claim 5] The above-mentioned electrolyte is a nonaqueous electrolyte cell according to claim 1 
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characterized by one sort in these high molecular compounds being the above-mentioned siloxane 
derivative including two or more sorts of high molecular compounds which can form both the half- 
invasion type macromolecule network stracture mutually. 

[Translation done.] 
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DETAn.RD DESCRIPTION ^_ 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the nonaqueous electrolyte 
cell which makes the compound which has order type olivine structure a positive active material. 
[0002] 

Pescription of the Prior Art] In recent years, research of the rechargeable battery in which a recharge 
is possible is advanced as a cell which can be used conveniently [ for a long time ] and economically 
with fast progress of various electronic equipment. As a typical rechargeable battery, the lead 
accumulator, the alkaline battery, the lithium secondary battery, etc. are known. 
[0003] Also in the above rechargeable batteries, especially the lithium secondary battery has 
advantages, such as high power and high-energy density. A lithimn secondary battery consists of 
occlusion, the negative electrode and positive electrode which have the active material which can be 
en^tted, and nonaqueous electrolyte in reversible in a lithium ion. 

[0004] And generally as a negative-electrode active material of a lithium secondary battery, a 

conductive polymer, stratified compounds, etc. (carbon-material metallurgy group oxide etc.) with 

which the metal Uthium, the lithium alloy, and the lithium were doped are used. 

[0005] moreover, as a positive active material, a metallic oxide, metallic sulfide, or polymer uses - 

having - Ti2S, MoS2 and NbSe2, and V205 etc. - the non-** lithium compound and the multiple 

oxide containing Li like LixM02 (M=Co, nickel, Nfo, Fe, etc.) are proposed [ for example, ] 

[0006] 

[Problem(s) to be Solved by the Invention] By the way, in the above-mentioned lithium secondary 
battery, various technical problems are left behind and those improvements are demanded, 
[0007] For example, LiCo02 which has the potential of pair Li4V from a viewpoint that high^nergy 
density and the high voltage are obtained in the conventional lithium secondary battery It is widely 
put in practical use as a positive electrode. LiCo02 In respect of being various, although it is an ideal 
positive-electrode material, Co is unevenly distributed as resources on the earth, and since it is rare, it 
requires great cost, and it has the problem that a problem is in adequate supply, and development of 
the positive-electrode material replaced with this is desired. 

[0008] In the present condition, LiMn 204 (space group Fd3m) which has normal-spinel type 
structure is the positive-electrode material of the 4V class only Mn base, from the point of the easy 
synthesis method and cell capacity, is very promising and is already put in practical use in part. 
[0009] However, when the application to a real cell is considered, it is left behind while the problem 
about stabihty, such as capacity degradation at the time of elevated-temperature preservation and the 
dissolution into the electrolytic solution of Mn, and the problem about a cycle property have been still 
more nearly unsolved. 

[0010] Moreover, although it is abundant in [ Mn ] resources, and it will be thought that it is very 
useful if the positive-electrode material which carried out the low Fe at the base for [ Mn / Co, 
nickel, ] whether being ** also about toxicity is realizable, property sufficient in an old examination 
is not acquired. Until now, it is LiCo02. LiNi02 LiFe02 which has similar stracture Although 
examination of material considered as basic composition has been carried out to the center, structure 
is unstable and only the inadequate property is completely realized as a positive active material for 
rechargeable batteries in the top where production is difficult. 
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[001 1] On the other hand, also about the electrolytic solution, conventionally, the inflammable 
organic solvent is used and it has left various problems. For example, a high current flows and 
generates heat rapidly at the time of an unprepared short circuit, the electrolytic solution causes 
evaporation and decomposition by this, and there is a problem of generating gas. Generating of such 
gas may lead to breakage, destruction, etc. of a cell. 

[0012] Management of preparing the rehef valve and current interrupting device which cleave by 
elevation of cell internal pressure as the solution method is made. 

[0013] However, in improvement of such a structure and a mechanism, it does not restrict that any 
problems can be coped with, but a radical improvement of cell material is needed. 
[0014] Then, this invention aims at offering the nonaqueous electrolyte ceU which can reduce the 
problem of environmental correspondence nature or safety, being proposed in view of this 
conventional actual condition, and realizing high-capacity-izing and low-cost-ization. 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention is 
[ occlusion, the negative electrode to emit, and ] a general formula LixMyP04 (however, 0<=x<=2 
and y of x are 0.8<=y<=1.2 among a formula.) in reversible about a Uthium. Moreover, M is a 
component containing 3d transition metals. It has a positive electrode containing the compound 
expressed, and an electrolyte, and the above-mentioned electrolyte is characterized by containing a 
siloxane derivative. 

[0016] Fe is abundant for whether it being ** in resources compared with elements, such as Co, 
mckel, and Mn, and its price is also cheap, and it is nonpoisonous so that it may be known well - it is 
harmless Furthermore, Si which is the principal component of a siloxane derivative, and existing very 
abundantly on the earth are also known well. 

[0017] therefore, LiFeP04 from - by combining the becoming positive-electrode material and the 
electrolyte containing a siloxane derivative, a low electrochemistry device is extremely realized for an 
environmental load or toxicity by the low cost 

[0018] Furthermore, chemical stability is high, by using for electrolyte material the siloxane which is 
the inorgamc polymer of &e-resistant and low vapor pressure, evaporation of the electrolytic solution 
and decomposition are suppressed, breakage of a ceU and the danger of ignition are also suppressed 
simultaneously, and the outstanding cell performance is attained. 

[0019] In addition, LiFeP04 Since covalent bond of the oxygen is firmly carried out to P, maceration 
cannot happen very easily and it has the feature of bemg hard to carry out induction of the 
combustion reaction. Therefore, the property of the fire retardancy and low vapor pressure which the 
above-mentioned siloxane derivative has, and a cell system with safety high conjoinfly very are built. 
[0020J 

[Embodiments of the Invention] Hereafter, the composition of the nonaqueous electrolyte cell which 
applied this invention is explained in detail, referring to a drawing. 

[0021] The nonaqueous electrolyte cell of this invention is equipped with a positive electrode, a 
negative electrode, and an electrolyte as a fundamental component 

[0022] (And the compound lixMyPCM (however, 0<=x<=2 and y of x are 0.8<=y<=1.2 among a 
formula.) which has oUvine structure as a positive active material first in this invention, i.e., a general 
usS*^^^ ^ is ^ component containing 3d transition metals. The compound expressed is 

[0023] As a compound expressed witfi LixMyP04, LixFeyPCW, LixMnyP04 LixCoyP04 
LixNiyP04, LixCuyP04, Lix(Fe, Mn) yP04, Lix(Fe, Co) yP04, Lix(Fe, nickel) yP04. lA(Ca, Mn) 
yP04, Lix(Cu, Co) yP04, and Lix(Cu, nickel) yP04 grade are mentioned, for example. In addition, 
in each compound, the composition ratio of the element in a parenthesis is arbitrary. 
[0024] For example, LiFeP04 Volume density is 3.6 g/cm3. It is large, and the high potential of 3 4V 
is generated and geometric capacity is also as large as 170 mAh/g. And LiFeP04 It is an initial state 
and electrochemicaUy, since one Li in which a ** dope is possible is included per Fe atom, capacity is 
very high as a positive active material of a Uthium ion battery. Moreover, it is this LiFePoi so that it 
may mention later. It is compoundable by the sinq)le method. 

[0025] however, the above LiFeP04 LiFeP04 obtained by the old synthesis method when it is going 
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to use as a positive active material of an actual cell **** — only about [ 60 niAh/g-70 mAh/g ] actual 
capacity is obtained, but actual capacity of about 120 mAh/g is realized at the maximum - it is not 
alike too much Considering that geometric capacity is 170 mAh/g, it is hard to say that sufficient 
capacity is attained. 

[0026] for example, LiFeP04 the case where LiMn 204 is compared - LiMn 204 — average voltage 
- 3.9V - it is -- the capacity of 120 mAh/g — having - further — volume density ~ 4.2g/cm3 it is ~ 
since — LiFeP04 As compared with LiMn 204, voltage and volume density will be small about ten 
percent. For this reason, LiFeP04 which has the capacity of the same 120 mAh/g It will become 
small twenty percent or more with a volume energy density ten percent or more with a weight energy 
density rather than LiMn 204. 

[0027] Therefore, LiFeP04 It is LiFeP04 although 140 mAh/g or the capacity beyond it is required in 
order to realize LiMn 204, equivalent level, or the energy density beyond it. Such high capacity is not 
realized until now. 

[0028] Moreover, LiFeP04 It is conventionally compounded by [ of 800 degrees C ] being 
comparatively heated at an elevated temperature under reduction environment using the salt of the 
divalent iron of iron acetate Fe(CH3COO)2 grade as a source of Fe used as a synthetic powder. When 
the heating temperature at the time of composition is high, the load which will consume the part 
energy and is given to a reactor etc. is also large. 

[0029] Furthermore, LiFeP04 compounded by [ of 800 degrees C ] being comparatively heated at an 
elevated temperature Crystallization will advance superfluously. For this reason, it is LiFeP04 when 
it uses for the positive active material of a nonaqueous electrolyte cell. Diffusion of the lithium within 
a particle does not fully take place, but there is a possibility that a capacity high enough cannot be 
obtained. 

[0030] That these problems should be solved, as a result of repeating various examination, it is 
LixMyP04. If carried out, it turns out that it is good to use the thing containing that whose particle 
diameter is 10 micrometers or less. LixMyP04 which a positive active material contains LixMyP04 
whose particle diameter it carries out and is 10 micrometers or less Since particle size distribution are 
not suitable when it does not contain, what the lithium which is a charge carrier cannot fully diffuse 
in the particle of a positive active material is conjectured. 

[0031] Moreover, LixMyP04 It is desirable that the diameter of 10% volume accumulation is 1 
micrometer or less. It is LixMyP04 when the diameter of 10% volume accumulation is larger than 1 
micrometer. There is a possibility that crystallization may advance too much and a giant particle may 
occupy most. Thus, when crystallization advances too much, there is a possibility that the Uthixmi 
which is a charge carrier cannot be smoothly spread in the particle of a positive active material. 
[0032] LixMyP044 which has the above particle size distributions, for example, LiFePO, Below, as 
it is shown below, it compounds. 

[0033] First, iron acetate (Fe2 (CH3COO)), phosphoric-acid hydrogen anunonium (NH4H2P04), and 
a lithium carbonate (Li2C03) are mixed by the predetermined ratio as a synthetic powder, and it 
considers as a precursor. Here, mixture of a synthetic powder is fully performed. Since each raw 
material is mixed unifomily and a point of contact increases by fully mixing a synthetic powder, it is 
LiFeP04 at low temperature from the former. It becomes possible to compound. 
[0034] Next, it is LiFeP04 by heating this precursor at predetermined temperature among inert gas 
atmosphere, such as nitrogen. It is compounded. 

[0035] The former and LiFeP04 For example, it was compounded at the comparison-elevated 

temperature of 800 degrees C. When the temperature at the time of composition was high, the load 

which will consume the part energy and is given to a reactor etc. was also large. 

[0036] Then, by fully mixing a synthetic powder, considering as a precursor, and compounding by 

heating in a nitrogen air current, it compares with conventional 800 degrees C of 300 degrees C, and 

is LiFeP04 at low temperature far. It becomes possible to compound. That is, it compares with the 

former and is LiFeP04 at a latus temperature requirement more. It becomes possible to compound 

and the width of face of selection of the temperature at the time of composition spreads. 

[0037] this invention person is LiFeP04. The temperature (synthetic temperature is called hereafter.) 

which heats a precursor in case it compounds, and LiFeP04 The synthetic temperature of optimal 
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UFePCM was examined paying attention to the relation with the capacity of the cell used as an active 
material. 

[0038] Consequently, UFePCM Synthetic temperatiire was understood that it is desirable to consider 
as the range of 400 degrees C or more and 700 degrees C or less. As for syntiietic temperature, it is 
more desirable that it is the range of 400 degrees C or more and 600 degrees C or less. 
[0039] LiFeP04 Crystallization does not fully progress with a low and a chemical reaction rather than 
400 degrees C, but synthetic temperature is uniform LiFeP04. It cannot obtain. Moreover, when the 
synthetic temperature of LiFePCW is higher than 700 degrees C, crystallization advances 
superfluously and there is a possibility that a deposit of an impurity may not be suppressed. 
[0040] In addition, in the manufachire method mentioned above, before carrying out heating 
composition of the precursor, it is desirable to remove beforehand the air which performs deairation 
processing to a precursor and is contained in a precursor. 

[0041] It is LiFePCH when air remains in a precursor. At the time of composition, Fe2+ in the iron 
acetate which is a divalent iron compound will oxidize by the oxygen in air, and will turn into Fe3+. 
Consequently, the trivalent iron compound which is an impurity is LiFeP04 of a product. It will mix 
in inside. By removing the air beforehand contained by deairation processing in a precursor, 
oxidization of Fe2+ in iron acetate can be prevented. Consequentiy, a trivalent iron compound is 
LiFeP04 of a product. It does not mix in inside but is LiFeP04 of single phase. It can obtain. 
[0042] LiFePCM Although various raw materials, such as a lithium hydroxide, a lithium nitrate, an 
acetic-acid Uthium, a phosphoric-acid lithium, the first iron of a phosphoric acid, and a ferrous oxide, 
can be used as a syntiietic powder besides die compound mentioned above, in order [ which is called' 
400 degrees C or more and 700 degrees C or less ] to compound at low temperature comparatively, it 
is desirable to use a reactant high raw material. 

[0043] By the manufacture method which was mentioned above, since a synthetic powder is mixed, it 
considers as a precursor and this precursor is heated at the temperature of 400 degrees C or more and 
700 degrees C or less, a chemical reaction and crystallization advance uniformly and crystallization 
does not advance too much. Thereby, tiiere is no impurity and it is LiFeP04 of single phase. It is 
obtained. Thus, LiFeP04 compounded It will be LiFeP04 if it uses as a positive active material. The 
high actual capacity for which 170 mAh/g which is geometric capacity is pressed is realizable. 
[0044] in addition, LiFeP04 which mentioned the above-mentioned manufacture metiiod above not 
only ~ general formula LixMyP04 It is applied also to the compound expressed. 
[0045] On the other hand, in this invention, the siloxane derivative in which an electrolyte is shown 
by following ** 2 is contained. 
[0046] 
[Formula 2] 




CH3 



CH3 




CH3 




D- Si — O 



CH2-CH2-CH2— O— 4CH2-CH2-0 




(j:H-cH2— o-yR 

CH3 'n 
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[0047] The siloxane derivative which specifically has structure as shown in following ** 3 — izing 5 
can be used. 
[0048] 
[Formula 3] 



r n 

I'-T! 

rHft \ C 




CHa \CH3 /lO Vh2— CH2-CH2-0-f-CH2— CH2-0-)^H3/5 CH3 




[0049] 
[Formula 4] 



CH3-Si— 0-HSi"O 





CH3 NCH3 /27 \:H2-CH2;CH2■K)4CH2-CH^^O^CH-CH2^0^B^^ 



( Bu= CH2— CH2-CH2— CH3) 



[0050] 
[Formula 5] 






CH3 \ CH3 /24 ^CH2— CH2-CH2-0-f CH2— CH2-0>^H ^4 CH3 



[0051] It is the shape type siloxane derivative of a chain with which it had the chain combination of a 
silicon and oxygen in tfie basic skeleton, and the univalent organic machine was added to the silicon 
as a side chain, its chemical stability is high, and since the above-mentioned siloxane derivative is 
low vapor pressure in fire retardancy, it is an inorganic polymer which is excellent also in 
thermochemical stabiUty. 

[0052] An electrolyte may be the so-called liquefied electrolytic solution, and may be a solid 
electrolyte and a gel electrolyte. 

[0053] When making an electrolyte into the electrolytic solution, viscosity is a low solution-like 
comparatively, and a siloxane derivative is asked for the structure where a light metal salt may be 
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dissolved. That is, coefficients of kinematic viscosity [ in / the temperature of 25 degrees C / in a 
siloxane derivative ] are below 5000cSt(s) (centistokes), and it is called for that average molecular 
weight is 10000 or less. 

[0054] Furthermore, it is more desirable that the conductivity in the temperature of 25 degrees C is - 
one or more 0.1 mS-cm as the electrolytic solution. 

[0055] The proper viscosity which can be equal to use as the electrolytic solution, and the solubihty 
suitable for mixture become possible by choosing modorately the side chain of the monomer unit D in 
the siloxane derivative shown by ** 2, and D'. As for especially die side chain of monomer unit D', it 
is advantageous to include ether linkage. Moreover, the hydrogen in D. D' , and Substituent R may be 
replaced by halogens, such as a fluorine and boron. 

[0056] As a non-aqueous solvent of the electrolytic solution, propylene carbonate, ethylene 
carbonate, butylene carbonate, vinylene carbonate, ganmia-butyrolactone, a sulfolane, 1, 2- 
dimethoxyediane, 1, 2-diethoxy ethane, 2-methyl tetrahydrofuran, the 3-methyl 1, 3-dioxolane, a 
methyl propionate, a methyl butyrate, dimethyl carbonate, diethyl carbonate, dipropyl carbonate, etc. 
can be used, for example. It is desirable to use chain-like carbonate, such as annular carbonate, such 
as propylene carbonate and vinylene carbonate, dimethyl carbonate, diethyl carbonate, and dipropyl 
carbonate, from the point of voltage stabiUty especially. Moreover, such a non-aqueous solvent may 
be used independently, two or more kinds may be mixed and one kind may be used for it. 
[0057] Solid electrolyte (the perfect solid electrolyte which does not contain a solvent at all is 
included.) As polymeric materials to be used, sihcon gel, acrylic gel, acrylonitiile gel, As fluorine 
system polymer, such as poly force FAZEN conversion polymer, a polyethylene oxide, polypropylene 
oxide and these compound polymer, and a crossUnked polymer, conversion polymer For example, 
poly (vinylidene full aurora id) and poly (vinyhdene full aurora id-co-hexafluoropropylene). Although 
such mixture can carry out various use of poly (vinyhdene full aurora id-co-tetrafluoroethylene), poly 
(vinylidene full aurora id-co-truffe RUORO ethylene), etc., of course, it is not limited to these. 
[0058] Moreover, it is good also considering the constituent which consists of two or more sorts of 
high molecular compounds which can form both the half-invaision type macromolecule network 
structure mumally as matrix polymer of a solid electrolyte or a gel electrolyte. 
[0059] Among these, it is the 1st high molecular compound with which the bridge was constructed 
over the compound with which at least one sort of high molecular compounds have chemically the 
functional group which can construct a bridge in the point concerned constructing a bridge, and at 
least one sort of other high molecular compounds are the 2nd high molecular compound which does 
not have the functional group which can construct a bridge but dissolves a light metal salt, i.e., the 
above-mentioned siloxane derivative. 

[0060] The siloxane derivative which is the 2nd high molecular compound will be compatible [ in the 
basic skeleton of the 3-dimensional network structure of the 1st high molecular compound ] of this 
constituent. 

[0061] Generally, since the bridge is constructed over the 1st high molecular compound, although a 
mechanical strength is strong, a molecular motion is suppressed by bridge formation, dissolved 
mobiUty of ion becomes small, and it has the property m which ionic conductivity is small. On the 
other hand, since a bridge is not constructed over the 2nd high molecular compound, although its 
momentum of a molecule is high, and its glass transition temperature is also low and it has high ionic 
conductivity, it has the property to be inferior to a mechanical strength. 

[0062] Hctb, the 1st hi^ molecular compound and 2nd high molecular compound form both flie half- 
invasion type macromolecule network structure, and those advantages (a strong mechanical strength 
and high ion conductivity) are employed efficientiy, respectively. That is, in botii die half-invasion 
type macromolecule network structiire, between tiie 1st high molecular compound and tiie 2nd high 
molecular compound, a chemical bond does not arise substantially and the molecular motion of the 
2nd high molecular compound is not suppressed. Moreover, the synergistic effect tiiat crystallization 
of the 2nd high molecular compound stops being able to happen easily is also added, and ion 
conductivity higher than a case high-molecular-compound independent [ each ] is obtained by the 
latus temperature requirement Rirthermore, a stix)ng mechanical sti»ngtii is obtained according to the 
3-dimensional network structure which the 1st high molecular compound constitutes. 
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• ' " [0063] As the 3-dimensional network structure by bridge formation, what constructed the bridge in 
the both ends of a straight chain-like compound or the compound of the letter of branching and the 
piece end, the thing which constructed the bridge in the compound which has a point constructing a 
bridge in a side chain are arbitrary. 

[0064] However, in the above-mentioned 3-dimensional network structure, in order to realize higher 
ionic conductivity, it is desirable to have the free end side chain including ether linkage like the 
branching structure of polyoxyalkylene. 

[0065] As the structure of cross linkage of the 1st high molecular compound, although ether linkage, 
ester combination, a urethane bond, etc. are mentioned, of course not only according to this but a use 
etc., the arbitrary structure of cross linkage is employable. 

[0066] The polymer of the diester compound shown in following ** 6 as an example of such 1st high 
molecular compound can be mentioned. 



CHz^C — C — O-^-CHaCHzCH^CHaCHO-^ 

[0068] In this case, it is desirable to use together the monoester compound shown in following ** 7 
for the purpose of introducing a free end side chain which was mentioned above. 
[0069] 
[Formula 7] 



[0070] As for the ratio (a monoester compound / diester compound) of the diester compound at that 
time, and a monoester compound, it is desirable to carry out to 5.0 or less by the weight ratio. 
[0071] The salt of light metals, such as a lithium, sodium, and aluminum, can be used for the light 
metal salt dissolved in the above-mentioned electrolyte (compatibility), and it can set to it expedient 
according to the kind of cell. 

[0072] for example, in constituting a lithium or a rechargeable lithium-ion battery LiBF4, LiC104, 
LiPF6, LiAsF6, CF3S03Li, 2NLi, C4F9S03Li, CF3C02Li, (CF3S02) 2NLi, C6F5S03Li, 
C8F17S03Li, (CF3C02) It NLi(s) and NLi(s) (CF(C4F9S02)3S02). (C2F5S02) 2 - (FS02C6F4) 
NLi, 2(2(CF3) CHOS02) NLi, 3(CF3S02) CLi, and 4 (3 C6F3(CF3)2- 5) - the Uthium salt of Bli, 
LiCF3, and LiAlC14 grade can be used (CF3S02) 

[0073] Although a nonaqueous electrolyte cell is equipped with components, such as a negative 
electrode besides the above-mentioned positive electrode and an electrolyte, other components can 
use the conventional thing and the same thing. 

[0074] Hereafter, a button type cell is made into an example and the component of a nonaqueous 
electrolyte cell is explained. 

[0075] In equipping the button type nonaqueous electrolyte cell 1 with the separator 6 allotted 
between the positive-electrode can 5 which holds a negative electrode 2, the negative-electrode can 3 
which holds a negative electrode 2, a positive electrode 4, and a positive electrode 4 as shown in 
drawing 1 , and a positive electrode 4 and a negative electrode 2, and an insulating gasket 7 and using 
the electrolytic solution as an electrolyte, it comes to fill up nonaqueous electrolyte in the negative- 
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electrode can 3 and the positive-electrode can 5. In using a solid electrolyte and a gel electrolyte, it 
forms a solid electrolyte layer and a gel electrolyte layer on the active material layer of a negative 
electrode 2 or a positive electrode 4. 

[0076] It comes to form the negative-electrode active material layer to which a negative electrode 2 
contains a negative-electrode active material on a negative-electrode charge collector. As a negative- 
electrode charge collector, a nickel foil etc. is used, for example. 

[0077] As a negative-electrode active material, a conductive polymer, stratified compounds, etc. 
(carbon-material metallurgy group oxide etc.) with which the metal lithium, the Uthium alloy, and the 
lithium were specifically doped using the thing in which a dope / ** dope is possible in the lithium 
are used. 

[0078] As a binder contained in a negative-electrode active material layer, a weU-known resin 
material usually used as a binder of the negative-electrode active material layer of this kind of 
nonaqueous electrolyte cell can be used. When for example, a metal Uthium foil is used as a negative- 
electrode active material, the above-mentioned binder is unnecessary. 

[0079] The negative-electrode can 3 holds a negative electrode 2, and serves as an external terminal 
(negative electrode) of the nonaqueous electrolyte cell 1. 

[0080] It comes to form the positive-active-material layer which contains LixMyP04 (for example, 
LiFeP04) which explained the positive electrode 4 previously on the positive-electrode charge 
coUector as a positive active material. 

[0081] As a positive-electrode charge collector, an aluminum foil etc. is used, for example. 
[0082] As a binder contained in a positive-active-material layer, a well-known resin material usually 
used as a binder of the positive-active-material layer of this kind of nonaqueous electrolyte cell can be 
used. 

[0083] The positive-electrode can 5 holds a positive electrode 4, and serves as an external terminal 
(positive electrode) of the nonaqueous electrolyte cell 1 too. 

[0084] Separator 6 can make a positive electrode 4 and a negative electrode 2 able to estrange, and a 
well-known material usually used as separator of this kind of nonaqueous electrolyte cell can be used, 
for example, high polymer fihns, such as polypropylene, are used. Moreover, the thickness of the 
relation between lithium ion conductivity and an energy density to separator needs a thing thin as 
much as possible. Specifically, the thickness of separator has desirable 50 micrometers or less. In 
addition, when a solid electrolyte and a gel electrolyte are used as an electrolyte, it is not necessary to 
necessarily form this separator 6. 

[0085] The insulating gasket 7 is incorporated and united with the negative-electrode can 3. This 
insulating gasket 7 is for preventing exsorption of the nonaqueous electrolyte with which it fiUed up 
in the negative-electrode can 3 and the positive-electrode can 5. 

[0086] The nonaqueous electrolyte cell concerning this invention may be a primary cell, and may be a 
rechargeable battery. Moreover, it is not limited especially about the configuration and let cylindrical, 
a square shape, a coin type, a button type, etc. be a thin shape, large-sized **, and arbitrary sizes. 
[0087] 

[Example] Hereafter, the nonaqueous electrolyte cell of this invention is explained based on a 
concrete experimental result. 

[0088] Here, it is olivine type LiFeP04. The nonaqueous electrolyte rechargeable battery made into a 
positive active material was produced. 

[0089] LiFeP04 In order to have compounded, the phosphoric-acid 2 hydrogen ammonium 
(NH4H2P04) of a raw material with large microcrystal size was fully ground beforehand first Next, 
it fully mixed and iron acetate (Fe2 (CH3C00)), phosphoric-acid 2 hydrogen ammonium 
(NH4H2P04), and the lithium carbonate (Li2C03) were used as the precursor so that a mole ratio 
might be set to 2:2:1. 

[0090] Next, it is LiFeP04 by heating a precursor at 550 degrees C under nitrogen-gas-atmosphere 
mind for 24 hours, after performing temporary baking of 12 hours for a precursor at 320 degrees C 
under nitrogen-gas-atmosphere mind. It compounded. 

[0091] LiFeP04 compounded by method which was mentioned above ******** - the powder X 
diffraction pattem was measured The measurement conditions of a powder X diffraction are as 
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follows. 
[0092] 

used equipment: - Rigaku RINT2500 rotating-target X-ray: - 40kV of CuKalpha, the slit 
width:diver Gent (slit DS) =1 degree RESHIBINGU (slit RS) =1 degree (scattering slit SS) =L5niin 
counterrscintillation counter measuring method:reflection methods of which a vertical-mold standard 
and 100mA goniometer:radius counter monochromator [ of 185mm ]:use filter:use are not done, and 
the powder X-ray patterns measured by continuation scan scanning-zone:2 theta= 10 degrees - 80 
degree scan speed:4 degree Compounded LiFeP04 It sets and is LiFeP04 in a product. It is not 
checked but existence of the impurity of an except is LiFeP04 of single phase. It turns out that it is 
obtained. 

[0093] LiFeP04 which is there, next was obtained as mentioned above It used as a positive active 
material and the cell was produced. 

[0094] first, 70 % of the weight (dry LiFeP04) of positive active materials and an electric conduction 
agent (acetylene black) - 25 % of the weight and 5 % of the weight (polyvinyKdene fluoride) of 
binders ****(ing) - this - the inside of a solvent (dimethylformamide) supplying ~ uniform 
mixing - a paste-like positive electrode - the mixture was prepared In addition, Aldrich 1300 [ #] 
were used for the poly vinyUdene fluoride. 

[0095] next, this positive electrode ~ the mixture was applied on the aluminum mesh used as a 
charge collector, under dryness argon atmosphere, it dried at 100 degrees C for 1 hour, and the 
positive-active-material layer was formed 

[0096] And the aluminum mesh in which the positive-active-material layer was formed was made 
into the pellet-like positive electrode by piercing to disc-like [ with a diameter of 15mm ]. In addition, 
the 60mg active material is supported by this one positive electrode. 

[0097] Next, it considered as the negative electrode by piercing a lithium metallic foil to a positive 
electrode and abbreviation isomorphism. 

[0098] Subsequently, nonaqueous electrolyte was prepared by dissolving one-mol liN (CF3S02)2 to 
siloxane 1kg. 

[0099] The positive electrode obtained as mentioned above was held in the positive-electrode can, the 
negative electrode was held in the negative-electrode can, and separator was allotted between the 
positive electrode and the negative electrode. Nonaqueous electrolyte was poured in into the positive- 
electrode can and the negative-electrode can, and the 2025 type coin type test cell was produced by 
fixing a positive-electrode can and a negative-electrode can in total. 

[0100] The charge and discharge test was performed about this test cell. After performing constant- 
current charge to 4.0V to a test cell, electric discharge was performed and the time of a cell voltage 
falling to 2.5V was considered as the electric discharge end. In addition, charge and electric discharge 
are performed in ordinary temperature (23 degrees C), and, for charge and electric discharge, current 
density is 0.12 mA/cm2. It carried out. 

[0101] A charge-and-discharge property is shown in drawing 3 . Drawing 3 shows that the test cell of 

this example has a good charge-and-discharge property. 

[0102] 

[Effect of the Invention] According to this invention, the nonaqueous electrolyte cell which was 
excellent in a cell property, economical efficiency, environmental correspondence nature, and all the 
safeties can be realized, and a practical advantage is large so that clearly also firom the above 
explanation. 

[0103] Moreover, since voltage is set up lowness rather than the conventional lithium ion battery, the 
nonaqueous electrolyte cell of this invention can respond also to the fall of driver voltages, such as 
IC. 

[Translation done.] 
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TECHNICAL FIELD ~ 

[The technical field to which invention belongs] this invention relates to the nonaqueous electrolyte 
cell which makes the compound which has order type olivine structure a positive active material. 

[Translation done.] 
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PRIOR ART 

[Description of the Prior Art] In recent years, research of the rechargeable battery in which a recharge 
is possible is advanced as a cell which can be used conveniently [ for a long time ] and economically 
with fast progress of various electronic equipment. As a typical rechargeable battery, the lead 
accumulator, the alkaline battery, the lithium secondary battery, etc. are known. 
[0003] Also in the above rechargeable batteries, especially the lithium secondary battery has 
advantages, such as high power and high-energy density. A lithium secondary battery consists of 
occlusion, the negative electrode and positive electrode which have the active material which can be 
emitted, and nonaqueous electrolyte in reversible in a lithium ion. 

[0004] And generally as a negative-electrode active material of a Uthium secondary battery, a 
conductive polymer, stratified compounds, etc. (carbon-material metallurgy group oxide etc.) with 
which the metal lithium, the Uthium alloy, and the lithium were doped are used. 
[0005] moreover, as a positive active material, a metalUc oxide, metalhc sulfide, or polymer uses ~ 
having - Ti2S, MoS2 and NbSe2, and V205 etc. ~ the non-** Uthium compound and the multiple, 
oxide containing li like LixM02 (M=Co, nickel, Mn, Fe, etc.) are proposed [ for example, ] 
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EFFECT OF THE DSrVENTION 



[Effect of the Invention] According to this invention, the nonaqueous electrolyte cell which was 
excellent in a cell property, economical efficiency, environmental correspondence nature, and all the 
safeties can be realized, and a practical advantage is large so that clearly also from the above 
explanation. 

[0103] Moreover, since voltage is set up lowness rather than the conventional Uthium ion battery, the 
nonaqueous electrolyte cell of this invention can respond also to the fall of driver voltages, such as 
IC. 



[Translation done.] 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] By the way, in the above-mentioned lithium secondary 
battery, various technical problems are left behind and those improvements are demanded. 
[0007] For example, LiCo02 which has the potential of pair Li4V from a viewpoint that high-energy 
density and the high voltage are obtained in the conventional lithium secondary battery It is widely 
put in practical use as a positive electrode. LiCo02 In respect of being various, although it is an ideal 
positive-electrode material, Co is unevenly distributed as resources on the earth, and since it is rare, it 
requires great cost, and it has the problem that a problem is in adequate supply, and development of 
the positive-electrode material replaced with this is desired. 

[0008] In the present condition, LiMn 204 (space group Fd3m) which has normal-spinel type 
structure is the positive-electrode material of the 4V class only Mn base, from the point of the easy 
synthesis method and cell capacity, is very promising and is already put in practical use in part. 
[0009] However, when the application to a real cell is considered, it is left behind while the problem 
about stability, such as capacity degradation at the time of elevated-temperature preservation and the 
dissolution into the electrolytic solution of Mn, arid the problem about a cycle property have been still 
more nearly unsolved. 

[0010] Moreover, although it is abundant in [ Mn ] resources, and it will be thought that it is very 
useful if the positive-electrode material which used Fe lower than Co, nickel, Mn, etc. for whether it 
being ** as the base also about toxicity is realizable, property sufficient in an old examination is not 
acquired. Until now, it is LiCo02. LiNi02 LiFe02 which has similar structure Although examination 
: of material considered as basic composition has been carried out to the center, structure is unstable 
and only the inadequate property is completely realized as a positive active material for rechargeable 
batteries in the top where production is difficult. 

[001 1] On the other hand, also about the electrolytic solution, conventionally, the inflammable 
organic solvent is used and it has left various problems. For example, a high current flows and 
generates heat rapidly at the time of an unprepared short circuit, the electrolytic solution causes 
evaporation and decomposition by this, and there is a problem of generating gas. Generating of such 
gas may lead to breakage, destruction, etc. of a cell. 

[0012] Management of preparing the relief valve and current interrupting device which cleave by the 
rise of cell internal pressure as the solution method is made. 

[0013] However, in improvement of such a structure and a mechanism, it does not restrict that any 
problems can be coped with, but a radical improvement of cell material is needed. 
[0014] Then, this invention aims at offering the nonaqueous electrolyte cell which can reduce the 
problem of environmental correspondence nature or safety, being proposed in view of this 
conventional actual condition, and realizing high-capacity-izing and low-cost-ization. 



[Translation done.] 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention is 
[ occlusion, the negative electrode to emit, and ] a general formula LixMyP04 (however, 0<=x<=2 
and y of X are 0.8<=y<=1.2 among a formula.) in reversible about a lithium. Moreover, M is a 
component containing 3d transition metals. It has a positive electrode containing die compound 
expressed, and an electrolyte, and the above-mentioned electrolyte is characterized by containing a 
siloxane derivative. 

[0016] Fe is abundant for whether it being ** in resources compared with elements, such as Co, 
nickel, and Mn, and its price is also cheap, and it is nonpoisonous so that it may be known well - it is 
harmless Furthermore, Si which is the principal component of a siloxane derivative, and existing very 
abundantly on the earth are also known well. 

[0017] therefore, LLFeP04 from - by combining the becoming positive-electrode material and the 
electrolyte containing a siloxane derivative, a low electrochemistry device is extremely realized for an 
environmental load or toxicity by the low cost 

[0018] Furthermore, chemical stability is high, by using for electrolyte material the siloxane which is 
the inorganic polymer of fire-resistant and low vapor pressure, evaporation of the electrolytic solution 
and decomposition are suppressed, breakage of a ceU and the danger of ignition are also suppressed 
simultaneously, and the outstanding cell performance is attained. 

[0019] In addition, liFePCW Since covalent bond of the oxygen is firmly carried out to P, maceration 
cannot happen very easily and it has the feature of being hard to cany out induction of the 
combustion reaction. Therefore, the property of the fire retardancy and low vapor pressure which the 
above-mentioned siloxane derivative has, and a ceU system with safety high conjointly very are built 
[0020] 

[Embodiments of the Invention] Hereafter, the composition of the nonaqueous electrolyte cell which 
applied this invention is explained in detail, referring to a drawing. 

[0021] The nonaqueous electrolyte cell of this invention is equipped with a positive electrode, a 
negative electrode, and an electrolyte as a fundamental component 

[0022] (And the compound lixMyPCM (however, 0<=x<=2 and y of x are 0.8<=y<=1.2 among a 
formula.) which has olivine structure as a positive active material first in this invention, i.e., a general 
formula) Moreover, M is a component containing 3d transition metals. The compound expressed is 
used. 

[0023] As a compound expressed with LixMyP04, lixFeyPCM, LixMnyP04, LixCoyP04, 
LixNiyP04, LixCuyP04, Lix(Fe, Mn) yP04, Lix(Fe, Co) yP04, Lix(Fe, nickel) yP04, Lix(Cu, Mn) 
yP04, Lix(Cu, Co) yP04, and Lix(Cu, nickel) yP04 grade are mentioned, for example. In addition, 
in each compound, the composition ratio of the element in a parenthesis is arbitrary. 
[0024] For example, LiFeP04 Volume density is 3.6 g/cm3. It is large, and the Kigh potential of 3.4V 
is generated and geometric capacity is also as large as 170 mAh/g. And LiFeP04 It is an initial state, 
and electrochemicaUy, since one Li in which a ** dope is possible is included per Fe atom, capacity is 
very high as a positive active material of a lithium ion battery. Moreover, it is this IiFeP04 so that it 
may mention later. It is compoundable by the simple method. 

[0025] however, the above LiFeP04 LiFeP04 obtained by the old synthesis method when it is going 
to use as a positive active material of an actual cell **** - only about [ 60 mAh/g-70 mAh/g ] actual 
capacity is obtained, but actual capacity of about 120 mAh/g is realized at the maximum ~ it is not 
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" alike too much Considering that geometric capacity is 170 mAh/g, it is hard to say that sufficient 
capacity is attained. 

[0026] for example, LiFeP04 the case where LiMn 204 is compared ~ LiMn 204 ~ average voltage 
— 3.9V — it is — the capacity of 120 mAh/g — having — further — volume density — 4.2g/cm3 it is — 
since — LiFeP04 As compared with LiMn 204, voltage and volume density will be small about ten 
percent. For this reason, LiFeP04 which has the capacity of the same 120 mAh/g It will become 
small twenty percent or more with a volume energy density ten percent or more with a weight energy 
density rather than LiMn 204. 

[0027] Therefore, LiFeP04 It is LiFeP04 although 140 mAh/g or the capacity beyond it is required in 
order to realize LiMn 204, equivalent level, or the energy density beyond it. Such high capacity is not 
realized until now. 

[0028] Moreover, LiFeP04 It is conventionally compounded by [ of 800 degrees C ] being 
comparatively heated at an elevated temperature under reduction environment using the salt of the 
divalent iron of iron acetate Fe(CH3COO)2 grade as a source of Fe used as a synthetic powder. When 
the heating temperature at the time of composition is high, the load which will consimie the part 
energy and is given to a reactor etc. is also large. 

[0029] Furthermore, LiFeP04 compounded by [ of 800 degrees C ] being comparatively heated at an 
elevated temperature Crystallization will advance superfluously. For this reason, it is LiFeP04 when 
it uses for the positive active material of a nonaqueous electrolyte cell. Diffusion of the lithium within 
a particle does not fully take place, but there is a possibility that a capacity high enough cannot be 
obtained. 

[0030] That these problems should be solved, as a result of repeating various examination, it is 
LixMyP04. If carried out, it turns out that it is good to use the thing containing that whose particle 
diameter is 10 micrometers or less. LixMyP04 which a positive active material contains LixMyP04 
whose particle diameter it carries out and is 10 micrometers or less Since particle size distribution are 
not suitable when it does not contain, what the lithium which is a charge carrier cannot fiilly diffuse 
in the particle of a positive active material is conjectured. 

[0031] Moreover, LixMyP04 It is desirable that the diameter of 10% volume accumulation is 1 
micrometer or less. It is LixMyP04 when the diameter of 10% volimie accumulation is larger than 1 
micrometer. There is a possibility that crystallization may advance too much and a giant particle may 
occupy most. Thus, when crystallization advances too much, there is a possibility that the lithium 
which is a charge carrier cannot be smoothly spread in the particle of a positive active material. 
[0032] LixMyP044 which has the above particle size distributions, for example, LiFePO, Below, as 
it is shown below, it compounds. 

[0033] First, iron acetate (Fe2 (CH3COO)), phosphoric-acid hydrogen anmionium (NH4H2P04), and 
a lithium carbonate (Li2C03) are mixed by flie predetermined ratio as a synthetic powder, and it 
considers as a precursor. Here, mixture of a synthetic powder is fully performed. Since each raw 
miaterial is mixed uniformly and a point of contact increases by fully mixing a synthetic powder, it is 
LiFeP04 at temperature lower than before. It becomes possible to compound. 
[0034] Next, it is LiFeP04 by heating this precursor at predetermined temperature among inert gas 
atmosphere, such as nitrogen. It is compounded. 

[0035] The former and LiFeP04 For example, it was compounded at the comparison-elevated 
temperature of 800 degrees C. When the temperature at the time of composition was high, the load 
which will consume the part energy and is given to a reactor etc. was also large. 
[0036] Then, by fully mixing a synthetic powder, considering as a precursor, and compounding by 
heating in a nitrogen air current, it compares with conventional 800 degrees C of 300 degrees C, and 
is LiFeP04 at far low temperature. It becomes possible to compound. That is, it compares with the 
former and is LiFeP04 at a larger temperature requirement. It becomes possible to compound and the 
width of face of selection of the temperature at the time of composition spreads. 
[0037] this invention person is LiFeP04. The temperature (synthetic temperature is called hereafter.) 
which heats a precursor in case it compounds, and LiFeP04 The synthetic temperature of optimal 
LiFeP04 was examined paying attention to the relation with the capacity of the cell used as an active 
material. 
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[0038] Consequentiy, IJFePC)4 Synthetic temperature was understood that it is desirable to c^^ 
as the range of 400 degrees C or more and 700 degrees C or less. As for synthetic temperature, it is 
more desirable that it is the range of 400 degrees C or more and 600 degrees C or less. 
[0039] LiFeP04 Crystallization does not fiilly progress with a low and a chemical reaction rather than 
400 degrees C, but synthetic temperature is uniform LiFeP04. It cannot obtain. Moreover, when the 
synthetic temperature of LiFePCM is higher than 700 degrees C, crystallization advances 
superfluously and there is a possibility that a deposit of an impurity may not be suppressed. 
[0040] In addition, in the manufacture method mentioned above, before carrying out heating 
composition of the precursor, it is desirable to remove beforehand the air which performs deairation 
processing to a precursor and is contained in a precursor. 

[0041] It is LiFeP04 when air remains in a precursor. At the time of composition, Fe2+ in the iron 
acetate which is a divalent iron compound will oxidize by the oxygen in air, and will turn into Fe3+. 
Consequently, the divalent iron compound which is an impurity is LiFeP04 of a product. It will mix 
in inside. By removing the air beforehand contained by deairation processing in a precursor, 
oxidization of Fe2+ in iron acetate can be prevented. Consequently, a trivalent iron compound is 
LiFeP04 of a product. It does not mix in inside but is LiFePCM of single phase. It can obtain. 
[0042] LiFeP04 Although various raw materials, such as a lithium hydroxide, a lithium nitrate, an 
acetic-acid lithium, a phosphoric-acid lithium, the first iron of a phosphoric acid, and a ferrous oxide, 
can be used as a synthetic powder besides the compound mentioned above, in order [ which is caUed' 
400 degrees C or more and 700 degrees C or less ] to compound at low temperature comparatively, it 
is desirable to use a reactant high raw material. 

[0043] By the manufacture method which was mentioned above, since a synthetic powder is mixed, it 
considers as a precursor and this precursor is heated at the temperattire of 400 degrees C or more and 
700 degrees C or less, a chemical reaction and crystallization advance uniformly and crystallization 
does not advance too much. Thereby, there is no impurity and it is LiFeP04 of single phase. It is 
obtained. Thus, LiFeP04 compounded It will be LiFeP04 if it uses as a positive active material. The 
high actual capacity for which 170 mAh/g which is geometric capacity is pressed is realizable. 
[0044] in addition, LiFePCM which mentioned the above-mentioned manufacture method above not 
only ~ general formula LixMyP04 It is applied also to the compound expressed. 
[0045] On the other hand, in this invention, the siloxane derivative in which an electrolyte is shown 
by following ** 2 is contained. 
[0046] 
[Formula 2] 




CHa 



CHs 




CHs 
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[0047] The siloxane derivative which specifically has structure as shown in following ** 3 -izing 5 
can be used. 
[0048] 
[Formula 3] 



CM^ \ C 



CH3 VcHa/lO \CH2— CH2-CH2-0-k:H2— CH2-0)^H3/5 CH3 



H3 

I — ^^CH3 



[0049] 
[Formula 4] 



CH3-Si— Oi-Si-O 



I 

SI— o- 



I \ I / II /' 

CH3 \CH3/27 ^CH2-CH2-CH2-04CH2-CH2-0)-fCH-CH2-CJ|-Bu/CH3 




( Bu= CH2— CH2-CH2— CH3) 



[0050] 
[Formula 5] 





CH3 \ CH3 /24 ^CH2— CH2-CH2-0-f CH2— CH2-ofj^H ^ CH3 

[0051] It is the shape type siloxane derivative of a chain with which it had the chain combination of a 
silicon and oxygen in the basic skeleton, and the univalent organic machine was added to the silicon 
as a side chain, its chemical stability is high, and since the above-mentioned siloxane derivative is 
low vapor pressure in fire retardancy, it is an inorganic polymer which is excellent also in 
thermochemical stability. 

[0052] An electrolyte may be the so-called liquefied electrolytic solution, and may be a solid 
electrolyte and a gel electrolyte. 

[0053] When making an electrolyte into the electrolytic solution, viscosity is a low solution-like 
comparatively, and a siloxane derivative is asked for the structure where a light metal salt may be 
dissolved. That is, coefficients of kinematic viscosity [ in / the temperature of 25 degrees C / in a 
siloxane derivative ] are below 5000cSt(s) (centistokes), and it is called for that average molecular 
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piece end, the thing which constructed the bridge in the compound which has a point constructing a 
bridge in a side chain are arbitrary. 

[0064] However, in the above-mentioned 3-dimensional network structure, in order to realize higher 
ionic conductivity, it is desirable to have the free end side chain including ether linkage like the 
branching structure of polyoxyalkylene. 

[0065] As the structure of cross linkage of the 1st high molecular compound, although ether linkage, 
ester combination, a urethane bond, etc. are mentioned, of course not only according to this but a use 
etc., the arbitrary structure of cross linkage is employable. 

[0066] The polymer of the diester compound shown in following ** 6 as an example of such 1st high 
molecular compound can be mentioned. 
[0067] 
[Formula 6] 

Rt O / Fb \ 0 Ra 

CHz==:C — C - O -^CHzCHzCHsrV c^^^ 

[0068] In this case, it is desirable to use together the monoester compound shown in following ** 7 
for the purpose of introducing a free end side chain which was mentioned above. 
[0069] 
[Formula 7] 

Ra O / Rs \ 

[0070] As for the ratio (a monoester compound / diester compound) of the diester compound at that 
time, and a monoester compound, it is desirable to carry out to 5.0 or less by the weight ratio. 
[0071] The salt of light metals, such as a lithium, sodium, and aluminum, can be used for the light 
metal salt dissolved in the above-mentioned electrolyte (compatibility), and it can set to it expedient 
according to the kind of cell. 

[0072] for example, in constituting a lithium or a rechargeable lithium-ion battery LiBF4, LiC104 
LiPF6, LiAsF6, CF3S03Li, 2NLi, C4F9S03Li, CF3C02Li, (CF3S02) 2NLi, C6F5S03Li, 
C8F17S03Li, (CF3C02) It NLi(s) and NLi(s) (CF(C4F9S02)3S02). (C2F5S02) 2 - (FS02C6F4) 
Nli, 2(2(CF3) CH0S02) Nli, 3(CF3S02) Cli, and 4 (3 C6F3(CF3)2- 5) - the Uthium salt of BLi, 
LiCF3, and LiAlC14 grade can be used (CF3S02) 

[0073] Although a nonaqueous electrolyte cell is equipped with components, such as a negative 
electrode besides the above-mentioned positive electrode and an electrolyte, other components can 
use the conventional thing and the same thing. 

[0074] Hereafter, a button type cell is made into an example and the component of a nonaqueous 
electrolyte cell is explained. 

[0075] In equipping the button type nonaqueous electrolyte cell 1 with the separator 6 allotted 
between the positive-electrode can 5 which holds a negative electrode 2, the negative-electrode can 3 
which holds a negative electrode 2, a positive electrode 4, and a positive electrode 4 as shown in 
drawing 1 , and a positive electrode 4 and a negative electrode 2, and an insulating gasket 7 and using 
the electrolytic solution as an electrolyte, it comes to fill up nonaqueous electrolyte in the negative- 
electrode can 3 and the positive-electrode can 5. In using a solid electrolyte and a gel electrolyte, it 
forms a solid electrolyte layer and a gel electrolyte layer on the active material layer of a negative 
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electrode 2 or a positive electrode 4. 

[0076] It comes to form the negative-electrode active material layer to which a negative electrode 2 
contains a negative-electrode active material on a negative-electrode charge collector. As a negative- 
electrode charge collector, a nickel foil etc. is used, for example. 

[0077] As a negative-electrode active material, a conductive polymer, stratified compounds, etc. 
(carbon-material metallurgy group oxide etc.) with which the metal lithium, the lithium alloy, and the 
lithium were specifically doped using the thing in which a dope / ** dope is possible in the Uthium 
are used. 

[0078] As a binder contained in a negative-electrode active material layer, a well-known resin 
material usually used as a binder of the negative-electrode active material layer of this kind of 
nonaqueous electrolyte cell can be used. When for example, a metal lithium foil is used as a negative- 
electrode active material, the above-mentioned binder is unnecessary. 

[0079] The negative-electrode can 3 holds a negative electrode 2, and serves as an external terminal 
(negative electrode) of the nonaqueous electrolyte cell 1. 

[0080] It comes to form the positive-active-material layer which contains LixMyP04 (for example, 
LiFeP04) which explained the positive electrode 4 previously on the positive-electrode charge 
collector as a positive active material. 

[0081] As a positive-electrode charge collector, an aluminum foil etc. is used, for example. 
[0082] As a binder contained in a positive-active-material layer, a well-known resin material usually 
used as a binder of the positive-active-material layer of this kind of nonaqueous electrolyte cell can be 
used. 

[0083] The positive-electrode can 5 holds a positive electrode 4, and serves as an external terminal 
(positive electrode) of the nonaqueous electrolyte cell 1 too. 

[0084] Separator 6 can make a positive electrode 4 and a negative electrode 2 able to estrange, and a 
well-known material usually used as separator of this kind of nonaqueous electrolyte cell can be used, 
for example, high polymer films, such as polypropylene, are used. Moreover, the thickness of the 
relation between lithium ion conductivity and an energy density to separator needs a thing thin as 
much as possible. Specifically, the thickness of separator has desirable 50 micrometers or less. In 
addition, when a solid electrolyte and a gel electrolyte are used as an electrolyte, it is not necessary to 
necessarily form this separator 6. 

[0085] The insulating gasket 7 is incorporated and united with the negative-electrode can 3. This 
insulating gasket 7 is for preventing exsorption of the nonaqueous electrolyte with which it filled up 
in the negative-electrode can 3 and the positive-electrode can 5. 

[0086] The nonaqueous electrolyte cell concerning this invention may be a primary cell, and may be a 
rechargeable battery. Moreover, it is not limited especially about the configuration and let cylindrical, 
a square shape, a coin type, a button type, etc. be a thin shape, large-sized **, and arbitrary sizes. 
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EXAMPLE 

[Example] Hereafter, the nonaqueous electrolyte cell of this invention is explained based on a 
concrete experimental result. 

[0088] Here, it is oUvine type LiFeP04. The nonaqueous electrolyte rechargeable battery made into a 
positive active material was produced. 

[0089] LiFePCM In order to have compounded, the phosphoric-acid 2 hydrogen ammonium 
(NH4H2P04) of a raw material with large microcrystal size was fully ground beforehand first Next, 
it fully mixed and iron acetate (Fe2 (CH3C00)), phosphoric-acid 2 hydrogen ammonium 
(NH4H2P04), and the lithium carbonate (U2C03) were used as the precursor so that a mole ratio 
might be set to 2:2:1. 

[0090] Next, it is LiFeP04 by heating a precursor at 550 degrees C under nitrogen-gas-atmosphere 
mind for 24 hours, after performing temporary baking of 12 hours for a precursor at 320 degrees C 
under nitrogen-gas-atmospheie mind. It compounded. 

[0091] LiFeP04 compounded by method which was mentioned above ******** __ the powder X 
diffraction pattern was measured The measurement conditions of a powder X diffraction are as 
follows. 
[0092] 

used equipment: ~ Rigaku RINT2500 rotating-target X-ray: - 40kV of CuKalpha, the slit 
width:diver Gent (sUt DS) =1 degree RESHIBINGU (slit RS) =1 degree (scattering sUt SS) =1.5mm 
counter:scintillation counter measuring method:reflection methods of which a vertical-mold standard 
and 100mA goniometenradius counter monochromator [ of 185mm ]:use filtenuse are not done, and 
the powder X-ray pattems measured by continuation scan scanning-zone:2 theta= 10 degrees - 80 
degree scan speed:4 degree Compounded LiFeP04 It sets and is LiFePCW in a product. It is not 
checked but existence of die impurity of an except is LiFeP04 of single phase. It turns out that it is 
obtained. 

[0093] LiFeP04 which is there, next was obtained as mentioned above It used as a positive active 
material and the cell was produced. 

[0094] first, 70 % of the weight (dry LiFeP04) of positive active materials and an electric conduction 
agent (acetylene black) ~ 25 % of the weight and 5 % of the weight (polyvinylidene fluoride) of 
binders - ****(ing) - this ~ the inside of a solvent (dimethylformamide) ~ supplying ~ uniform ~ 
mixing ~ a paste-like positive electrode ~ the mixture was prepared In addition, Aldrich 1300 [ #] 
were used for the polyvinylidene fluoride. 

[0095] next, this positive electrode ~ the mixture was apphed on the aluminum mesh used as a 
charge collector, under dryness argon atmosphere, it dried at 100 degrees C for 1 hour, and the 
positive-active-material layer was formed 

[0096] And the aluminum mesh in which the positive-active-material layer was formed was made 
into the peUet-like positive electrode by piercing to disc-Uke [ with a diameter of 15mm ]. In addition, 
the 60mg active material is supported by this one positive electrode. 

[0097] Next, it considered as the negative electrode by piercing a lithium metallic foil to a positive 
electrode and abbreviation isomorphism. 

[0098] Subsequently, nonaqueous electrolyte was prepared by dissolving one-mol LiN (CF3S02)2 to 
siloxane 1kg. 

[0099] The positive electrode obtained as mentioned above was held in the positive-electrode can, the 
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negative electrode was held in the negative-electrode can, and separator was allotted between the 
positive electrode and the negative electrode. Nonaqueous electrolyte was poured in into the positive- 
electrode can and the negative-electrode can, and the 2025 type coin type test cell was produced by 

fixing a positive-electrode can and a negative-electrode can in total. 

[0100] ITie charge and discharge test was performed about this test cell. After performing constant- 
current charge to 4.0V to a test cell, electric discharge was performed and the time of a cell voltage 
falling to 2.5V was considered as the electric discharge end. In addition, charge and electric discharge 
are performed in ordinary temperature (23 degrees C), and, for charge and electric discharge, current 
density is 0.12 mA/cm2. It carried out. 

[0101] A charge-and-discharge property is shown in drawing 3 . Drawing 3 shows that the test cell of 
this example has a good charge-and-discharge property. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the outline cross section showing the example of 1 composition of a nonaqueous 
electrolyte cell. 

[Drawing 2] Compounded LiFeP04 It is drawing showing a powder X diffraction pattem. 
[Drawing 3] It is the property view showing the charge-and-discharge property of the produced test 
cell. 
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DRAWINGS 
[Drawing 11 



1 




[Drawing 21 



2000 
1500 

a 

» 1000 
500 


i 


ILJ 








0 







30 40 50 6D 

S^ldegreo) 



[Drawing 31 



5.0 
4.5 






4.0 






-! 3.5 












* 3.0 




















2BS IIS 


2.0 






1.5 
1.0 


1 J 


J 1 1 



0 5 10 15 20 25 30 



^(H r a. ) 



[Translation done.] 
http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



6/4/2003 



THIS PAGE BLANK (uspiu, 



